A novel method to stabilize the channeled spectropolarimeter is described. The fluctuating retardations of the high-order retarders used in the spectropolarimeter are calibrated in parallel to the measurement of the wavenumber-dependent state of polarization (SOP) of light. Both the calibration of the retarders and the measurement of the SOP can be made simultaneously using a single light to be measured, and hence the resultant wavenumber-dependent SOP is almost immune to the fluctuation of the retardations. The effectiveness of this method is experimentally demonstrated with the retardation fluctuations induced by the temperature change up to 40 • C. c 2006 Optical Society of America 1 OCIS codes: 120.5410, 120.2130, 120.6200.
the retardation fluctuations during the measurement. This method enables us to calibrate the retarders in parallel to the SOP measurement only using a single light to be measured its SOP.
We first briefly recall the principle of the channeled spectropolarimetry. The basic configuration of the channeled spectropolarimeter is illustrated in Fig. 1 . The polychromatic light under measurement of its SOP successively passes through two highorder birefringent retarders R 1 and R 2 , and an analyzer A, and then is launched into a spectrometer. The fast axes of R 1 and R 2 intersect at 45 • , and the transmission axis of A is aligned to the fast axis of R 1 . Using σ to be the wavenumber, the reciprocal of the wavelength, and S k (σ), (k = 0...3) to be the spectrally-resolved Stokes parameters of the light under measurement, the channeled spectrum obtained from the spectrometer varies with σ as P (σ) = (1/2)S 0 (σ)
where S 23 (σ) = S 2 (σ) + iS 3 (σ), and "arg" stands for the operator to take the argument. Note that arg{S 1 (σ)} takes either 0 or π depending on the sign of S 1 (σ).
Since the phase retardation φ j (σ), (j = 1, 2) of the high-order birefringent retarder R j greatly and almost linearly increases with σ, P (σ) consists of one slowly-varying Care should be taken of the fact that the phase retardations φ 1 (σ) and φ 2 (σ) must be precisely calibrated before the Stokes parameters are determined. Although the retardations can be calibrated by use of a reference light with a known arg{S 1 (σ)} or arg{S 23 (σ)}, the introduction of the reference light brings about the error associated with the retardation changes during the time interval between the calibration and the measurement. The high-order retarders used in the channeled spectropolarimeter are generally several tens-or hundreds-times thicker than the compensators used in the other conventional spectropolarimeters, and accordingly their retardations are much more susceptible to the environmental perturbations, such as the temperature change.
To overcome this problem, a novel method for calibrating the retarders using only the light under the SOP measurement is developed. From now on, we call this as "selfcalibration method" for the channeled spectropolarimeter. The presented method allows us to carry out the calibration of the high-order retarders and the determination of the SOP simultaneously by using the measured light itself.
In the first step of the self-calibration method, we compute the complex represen-tations of the four components in P (σ)
by use of the Fourier transform technique modified for use in the spectral domain. 1 We next calculate the following products from the obtained components to eliminate arg{S 1 (σ)} and arg{S 23 (σ)} from them.
In both equations, the arguments are only the function of φ 2 (σ), and thus independent from the SOP of the incident light. This implies that φ 2 (σ) is determined when we compute either of their arguments. However, the absolute values of Eq.(3a) and (3b) may be zero, depending on the SOP of the light under measurement. To avoid this inconvenience, we take their weighted sum as
The absolute value of Eq. (4) is equal to the squared intensity of the completely polarized components of the incident light, and thus is always positive except for the completely unpolarized light. Therefore, φ 2 (σ) can be obtained by taking the Two sets of experiments were made to demonstrate the self-calibration method. In the first set, the phase retardations φ 1 (σ) and φ 2 (σ) of the retarders R 1 and R 2 were calibrated by the self-calibration method using the measurement light itself, and by another calibration procedure using an additional reference light; for the reference light, linearly polarized light oriented at 22.5 • was employed. The calibrated retardations are shown in Fig. 3(a) . The results calibrated by two different methods, shown in solid and dashed lines respectively, almost overlap with each other; the differences of the retardations between two calibration methods are less than 0.04 radian for both φ 1 (σ) and φ 2 (σ). The normalized Stokes parameters demodulated with the calibrated retardations by both methods are shown in Fig. 3(b) . The derived Stokes parameters by both methods agree within 0.01. This result demonstrates that the self-calibration technique allows us to calibrate the retardations only from the measurement light independent from its SOP.
In the second set of the experiment, the SOP measurements were repeated while the temperature of the entire experimental system was changed from 5 The self-calibration method presented here has a feature that it is independent from the SOP of the light incident on the channeled spectropolarimeter, provided that the light is not almost completely unpolarized. In addition, the calibration of the high-order retarders and the measurement of the wavenumber-dependent SOP can be made simultaneously only from a single measurement light. Accordingly, the measured SOP is almost free from the fluctuations in the high-order retarders. It should be emphasized that the channeled spectropolarimeter inherently possesses the potential for self-calibration, but this fact had not previously been recognized and exploited.
Note that the present method can be used only for the calibration of the high-order retarders. Fortunately, however, the other system parameters, such as the modulation transfer function of the spectrometer, do not change appreciably during the measurement, and hence it is sufficient to calibrate these parameters before the measurement.
Consequently, the present method is promising to reduce the major instabilities of 
